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Over the past few years, the need for improved flaw detection 
sensitivity has motivated the development of imaging techniques for eddy 
current testing [1]. The imaging approach has a major advantage over 
more traditional eddy current detection methods as image processing 
routines may be applied to the eddy current images to enhance flaw 
detection capability. Smaller probes are also being developed to further 
improve the resolution and sensitivity of flaw detection. The use of 
smaller probes, however, requires shorter data acquisition sampling 
intervals. This forces a tradeoff between inspection resolution and 
inspection speed. The need for simultaneous improvement in both 
inspection resolution and speed has stimulated an interest in eddy 
current arrays. As a result, a powerful new eddy current array 
inspection technology is emerging. 
Previous QNDE papers have discussed eddy current arrays [2,3] and 
described complete array systems [4,5]. A companion paper in this volume 
[6] introduces a new array technology and associated data acquisition 
methods. This technology employs photolithographic techniques to 
fabricate small, uniform array elements which may be used with parallel 
data acquisition electronics to improve inspection productivity. The use 
of arrays to ins ure complete coverage of the inspection surface is 
discussed here. 
ARRAY CONCEPTS 
Implementation approaches 
Many challenging problems must be addressed and solved to enable 
the practical and successful implementation of eddy current arrays. Some 
serious concerns relate to the uniformity of individual array elements 
and the electrical interactions between elements. Numerous other issues, 
such as the geometrie design of arrays, selection of operating frequency, 
sensitivity to liftoff, etc. must also be addressed. Most approaches 
that have been reported on suggest using arrays in a stationary position 
and scanning by electronically switching between the elements. The 
motivation.for this static-scanning approach is to provide high data 
acquisition 'rates while reducing variations due to liftoff and noise due 
to mechanical movement. Although it may introduce electrical noise, 
switching between elements is done to minimize the number of electric 
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interconnects to the array which otherwise might become overwhelming. 
One drawback with the static-scanning approach is that it is uncertain if 
complete coverage of the underlying inspection area can be achieved. To 
ensure complete inspection coverage, we have implemented a hybrid array 
approach in which one or more rows of elements are scanned in one 
direction. Such row-scanning offers the opportunity to optimize 
tradeoffs between electronic complexity and scanning time while, at the 
same time, providing the ability to selectively oversample the data in 
one direction for robust detection. 
Sampling issues 
As described in another paper in this volume [6], our arrays 
consist of two or more parallel rows of elements. Our implementation 
method relies on scanning in a direction perpendicular to the width of 
the array. This method is different from the single-element imaging 
performed in the past. During single-element imaging, the probe is 
indexed in two directions; rows of data are acquired by indexing many 
times in one direction after which indexing in the perpendicular 
direction takes place. This process is repeated until data for a full 
image have been acquired. During row-scanning the array probe is indexed 
in one direction only. The fundamental difference between single-element 
scanning and row-scanning is that while the sampling interval may be 
selected in two directions for single-element scanning, it is fixed in 
one direction and selected in the other direction for row-scanning. In 
the latter case, the element width rather than the sampling interval 
fixes the horizontal resolution of the array. Data may be oversampled, 
however, in the direction of the scan to produce redundant data and 
enhance the likelihood of detecting small flaws. By comparison, when 
using the static-scanning approach it is not possible to oversample in 
either direction as the data are acquired without any indexing. Image 
resolution is then fixed by the element dimensions in both directions and 
the result is a coarse array of data points. 
Element configurations 
Our experimental method for evaluating array performance relies 
heavily on single-element scans of known defects, typically EDM notches. 
The reason is that the "footprint" evident in oversampled images provides 
us with accurate information about the spatial sensitivity of the eddy 
current element. From this information we can determine what type of 
element configuration is required to adequately cover the area under 
inspection. We also combine responses from images of several individual 
elements to simulate the response of an array as a notch is moved across 
the array. Figure 1 shows such an image for a linear array of six 
absolute type coils. The element to element spacing is 10 pixels. A 
0.030" L x 0.015" D x 0.003" W EDM notch is oriented with its long axis 
perpendicular to the width of the array. There are "blind" spots between 
the elements and the response is not uniform across the them, i.e. the 
amplitude of the response depends on the spatial position of the notch 
with respect to the array elements. An ideal response would be a uniform 
amplitude across all the elements. 
The uniformity of the response can be enhanced with additional 
staggered rows. Figure 2 shows the response for two rows of six elements 
each, whose rows are staggered with respect to each other. As these rows 
are scanned in the vertical direction, the blind spots for the first row 
are covered by the second row of elements. Figure 3 shows the footprint 
of an array consisting of four staggered rows of six elements each. Each 
new row effectively increases the horizontal resolution by a factor of 
two if it is staggered with the correct offset. 
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Fig . l. Image of 0 . 030" L x 
0.015" D x 0 . 003" W EDM 
notch created to 
simulate scanning in 2 
dimensions with an eddy 
current array made from 
6 absolute coils . 
Fig. 2. Image of 0.030" L x 
0.015" D x 0 . 003" W EDM 
notch created to 
simulate scanning in 2 
dimensions with an eddy 
current array made from 
two staggered rows of 6 
absolute type coils. 
Fig. 3 . Image of 0.030" L x 0.015" D x 0 . 003" W EDM notch created to 
simulate scanning in 2 dimensions with an eddy current array made 
from four staggered rows of 6 coils . 
EXPERIMENTAL RESULTS 
The trace in Fig . 4 corresponds to the amplitude response along one 
row of the image in Fig . 1. Note that this trace is parallel to the 
width of the array and therefore perpendicular to the direction of 
scanning. The trace is oversampled by approximately a factor of 10 when 
compared to the single scan used in an actual array application. In 
other words, only one pixel of information is provided by each element 
instead of the 10 pixels shown in Fig . 4. The amplitude of the response 
is therefore determined by the position of the notch with respect to the 
array element. For this example, the notch response could vary between 0 
and about 500 in amplitude depending on the position of the notch. 
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This amplitude variation can be reduced. By incorporating a 
staggered second row, the minimum response increases to about 50% of the 
maximum amplitude and with four staggered rows to about 75%, as shown in 
Figs. 5 and 6, respectively. Here, individual traces through the 
different rows of elements have been superimposed to show effective 
coverage along one vertical position of the notch after scanning. Besides 
increasing the horizontal resolution, the use of multiple staggered rows 
and scanning thus also improves the uniformity of the response across the 
array and enhances the detection capability. 
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Fig. 4. Horizontal trace through the six elements in the image in Fig. 1 
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Fig. 5. Horizontal trace created by superimposing individual traces 
through the two rows of elements in the image in Fig. 2 
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Fig. 6 . Horizontal trace created by superimposing individual traces 
through the four rows of elements in the image in Fig. 3 
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In order to better understand the boundary conditions of array 
scanning, i.e. the best and worst ca se scenarios, we undersampled single-
element images of an EDM notch to create simulated images of two 
different array configurations . The first array configuration, 
consisting of six staggered rows of six absolute type coils, was 
constructed fr om a single-element 64 by 64 pixel image of an EDM notch, 
previously used to produce Fig . 1 . The second array configuration 
consists of two staggered rows of six coils, connected pairwise 
differentially. One element was used to physically scan the EDM notch 
and create the 64 by 64 pixel image shown in Fig . 7. The differential 
nature of the data is evident in the black and white components of the 
footprint . 
Fig. 7. Image of 0 . 030" L x 0.015" D x 0.003" W EDM notch created by 
scanning in 2 dimensions with a differential eddy current 
element. 
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Static-Scanning 
For the case of static-scanning, the six row, six element array 
would cover an area roughly equivalent to that scanned in the 64 by 64 
pixel images. With respect to a such a scan, the image is oversampled by 
approximately a factor of 10 in both the parallel and the perpendicular 
directions to the array elements. Therefore, to accurately simulate the 
array performance, we must undersample the image by a factor of 10. 
Since the initial point for the undersampling can vary, such an 
undersampling is not unique. The different initial locations reflect 
different spatial positions of the notch with respect to the array 
elements. Figures Ba and Bb show the best and worst results for such an 
undersampling. The images clearly demonstrate that the result is highly 
dependent on the spatial position of the notch . 
Row-Scanning 
For row-scanning the two row, three differential-element array 
would cover an area equivalent to the 64 by 64 pixel images. With 
respect to row-scanning, the image in Fig . 7 is oversampled in the 
direction perpendicular to the width of the array . After the image is 
undersampled by the proper factor, six traces of data represent the array 
response . Once again, the 64 by 64 pixel image can be undersampled to 
simulate the response to a notch in different spatial positions with 
respect to the elements. Figures 9 and 10 show the results for two 
cases . In both situations, the notch is detected by two different 
elements, as evidenced in the center traces. In Fig. 9 the notch is 
detected equally weIl by two elements while in Fig. 10 it is detected 
strongly by one element and weakly by the other . 
The results above suggest that an array of the simulated 
configuration could detect a defect independent of spatial position. It 
is clear, though, that the response does vary greatly with the spatial 
position of the defect. A successful array implementation must guarantee 
both complete coverage and uniform signal strength. We are experimenting 
with different data processing methods towards that end . Finally, Fig. 
11 shows the results of row-scanning with a physical array that was 
fabricated according to the simulated differential configuration. In 
agreement with the simulated results, two elements have detected the 
notch. 
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Fig . B. Simulated static scan for six row, six element absolute array: 
(al worst case ; (bl best case. 
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Fig. 9. Array response ereated by undersampling the image in Fig. 7 to 
simulate a 2 row, 3 differential-element array eonfiguration. Two 
array elements have deteeted an EDM not eh equally weIl. 
Fig. 10. Array response ereated by undersampling the image in Fig. 7 to 
simulate a 2 row, 3 differential-element array eonfiguration. A 
not eh is deteeted strongly by one element and weakly by another. 
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Fig. 11. Traees from an array fabrieated aeeording to the simulated 2 
row, 3 differential-element eonfiguration. 
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SUMMARY 
The array approach to eddy current sensing shows promise for 
enhancing the productivity of inspections for small defects in industrial 
alloys. The method of array implementation influences the uniformity of 
the response to defects in arbitrary positions as weIl as speed of 
inspection. We have proposed a method of row-scanning, where 2 or more 
rows of staggered elements are scanned in a direction perpendicular to 
the width of the array. Horizontal resolution is fixed by both the width 
of the elements and the number of staggered rows. Vertical resolution 
can be selected at scan time by spatial step size. Tradeoffs can be made 
between electronic complexity, number of array elements and their 
configuration, scanning step, etc. to optimize inspection parameters with 
respect to detection capability, uniformity of response, and inspection 
speed. Fabrication uniformity of all elements and spatial uniformity of 
their response, independent of defect position, is critical to the 
success of an array application. Our array elements have acceptable 
uniformity and a key area of current and future work involves developing 
methods to ensure that the spatial response is also uniform. 
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